The impact of the cluster environment on the evolution of dwarf galaxies is investigated by comparing the properties of a sample of dwarf irregulars (dIs) in the Virgo Cluster with a control sample of nearby ("field") dIs having oxygen abundances derived from [O III]λ4363 measurements and measured distances from resolved stellar constituents. Spectroscopic data are obtained for H II regions in 11 Virgo dIs distributed in the central and outer regions of the cluster. To ensure that oxygen abundances are derived in a homogeneous manner, oxygen abundances for field and Virgo dIs are computed using the bright-line method and compared with abundances directly obtained from [O III]λ4363, where available. They are found to agree to within about 0.2 dex with no systematic offset. At a given optical luminosity, there is no systematic difference in oxygen abundance between the sample of Virgo dIs and the sample of nearby dIs. However, five of the eleven Virgo dIs exhibit much lower baryonic gas fractions than field dIs at comparable oxygen abundances. Using field dIs as a reference, a gas-deficiency index for dIs is constructed, making it possible quantitatively to identify which galaxies have lost gas. For the Virgo sample, some of the dwarfs are gas-deficient by a factor of 30. The gas-deficiency correlates roughly with the X-ray surface brightness of the intracluster gas. Ram-pressure stripping can best explain the observed gas-poor dIs in the cluster sample. Together with the lack of significant fading and reddening of the gas-poor dIs compared to gas-normal dIs, these observations suggest that the gas-poor dIs in Virgo have recently encountered the intracluster medium for the first time. Faded remnants of gas-poor dIs in Virgo will resemble bright dwarf ellipticals presently seen in the cluster core.
Interactions between galaxies and their environments may be important factors in galaxy evolution. An important venue to test the impact of environmental conditions is within clusters of galaxies (e.g., Donahue 1998; Bahcall 1999) , where huge numbers of galaxies of various sizes, luminosities, and morphologies, as well as a large mass of gas, are confined within a specific volume of space. Indeed, numerous populations of dwarf galaxies have been discovered in groups and clusters, e.g., Virgo Cluster: Phillipps et al. (1998) ; Fornax Cluster: Drinkwater et al. (2001) ; also, see Zabludoff & Mulchaey (1998 , 2000 . Various kinds of processes may act on a cluster galaxy: tidal forces from galaxy-galaxy and galaxy-cluster interactions (e.g., Byrd & Valtonen 1990; Henriksen & Boyd 1996) , rampressure effects due to the intracluster medium (e.g., Mori & Burkert 2000; Quilis, Moore, & Bower 2000) , high-speed encounters between galaxies (e.g., Moore et al. 1996) , collisions and mergers (e.g., Barnes & Hernquist 1991) , or some combination of the above.
Owing to its proximity (e.g., Graham et al. 1999; Kelson et al. 1997 Kelson et al. , 2000 , the Virgo Cluster is a venue where the interaction of galaxies with the intracluster medium can be observed with relative ease. Recent X-ray observations have shown that the global underlying emission arises from the hot intracluster gas (e.g., Edge & Stewart 1991; Böhringer et al. 1994; Irwin & Sarazin 1996; Schindler, Binggeli, & Böhringer 1999) . Spiral galaxies in Virgo are found to be H I deficient relative to spirals in the field, likely as a result of ram-pressure stripping (e.g., Cayatte et al. 1994; Kenney & Koopmann 1999; Veilleux et al. 1999; Vollmer 2003) .
Due to their lower gravitational potentials, dwarf galaxies ought to be more sensitive to their surroundings and should especially be less able to retain their gaseous contents. Evaluating the degree of gas deficiency with galaxy mass can help constrain models of interactions between the intracluster medium and the interstellar medium. It had been claimed previously that Virgo dwarf galaxies were not more gas-poor than Virgo spirals (e.g., Hoffman, Helou, & Salpeter 1988 ). This was not consistent with ram-pressure stripping, which should yield larger gas deficiencies for dwarf galaxies (Haynes & Giovanelli 1986 ). However, similar gas deficiencies for spiral and dwarf galaxies had been claimed as being more consistent with turbulent viscous stripping (e.g., Nulsen 1982; Haynes & Giovanelli 1986 ; see 1 also Kenney 1990 ). For gas-rich dwarf galaxies in the Virgo Cluster, the condition for ram-pressure stripping can be satisfied (e.g., Gallagher & Hunter 1989; Irwin & Sarazin 1996) . The present focus is on examining dwarf irregular galaxies (dIs). dIs are chosen over blue compact dwarf galaxies (BCDs), because the light contribution from the underlying old stellar population can be separated from the contribution from young stars to obtain better measures of the stellar mass.
Environmental effects on dwarf galaxies can be evaluated by examining: (1) whether the interstellar gas from dwarfs is removed; (2) whether the removal of neutral gas affects subsequent evolution; and (3) whether these effects are manifested in diagnostic diagrams such as the metallicity versus galaxy luminosity diagram (see, e.g., Richer & McCall 1995) or the metallicity versus gas fraction diagram (see, e.g., Larson, Sommer-Larsen, & Pagel 2001) . There does in fact appear to be differences between dwarf elliptical galaxies in clusters and similar nearby dwarf galaxies (Barazza & Binggeli 2002) . Answers to the questions above are the objectives of the present work, which focuses on Virgo Cluster dIs.
For a sample of dIs located in the core and the periphery of the Virgo Cluster, spectroscopic data are obtained with the following goals: (1) where possible, to measure [O III]λ4363 to derive direct oxygen abundances; and (2) if H II regions are too faint, to obtain spectra with sufficient wavelength coverage to derive indirect abundances. Derived oxygen abundances are combined with available data in the literature to compare the properties of Virgo dIs with those of the control dI sample.
The present paper is organized in the following manner. The control sample and the Virgo Cluster sample of dIs are described in § 2. Observations and reductions are described in § 3. The analysis of the spectra is presented in § 4. Nebular abundances are discussed in § 5 and derived properties are presented in § 6. Discussion about the diagnostic diagrams and the evolution of Virgo dwarfs are given in § 7 and § 8, respectively. A summary is given in § 9.
2. the samples of dwarf irregulars
The Field Sample
Field dIs are dwarf galaxies with generally few neighbours. Actually, field dIs are normally members of nearby loose groups (e.g., IC 342/Maffei, Centaurus A, Sculptor) and there are few truly "isolated" field dIs. However, the evolution of field dwarfs is not likely to be complicated by external effects, such as those found in clusters of galaxies, which are populated with thousands of galaxies and contain a significant mass of gas in the intracluster medium. So, field dwarf irregulars provide an excellent control sample against which a sample of cluster dwarf galaxies can be compared to evaluate environmental effects on galaxy evolution. The field sample of dIs was drawn from Richer & McCall (1995) and updated with recent distances and spectroscopic data obtained from the literature. A discussion of the sample was presented in Paper I (Lee et al. 2003a ).
The Virgo Cluster Sample
For the most part, there is a lack of high-quality spectra with sufficient wavelength coverage for dIs in the Virgo Cluster, although some data have appeared in the literature (Kinman & Davidson 1981; He & Impey 1986; Schulte-Ladbeck 1988; Schulte-Ladbeck & Cardelli 1988; Gallagher & Hunter 1989; Izotov & Guseva 1990; Vílchez 1995; Gavazzi et al. 2002; Pustilnik et al. 2002) 6 . However, these samples studied suffer from the following: "pure" BCDs were included; [O III]λ4363 was not measured in any of the dIs; the spectral resolution was too low; and the spectral coverage was incomplete, which meant that not even an abundance using other methods ( § 5.1.2) could be derived.
A sample of dIs was constructed using the Virgo Cluster Catalog (VCC; Binggeli, Sandage, & Tammann 1985; Binggeli, Tammann, & Sandage 1987; Binggeli, Popescu, & Tammann 1993) . Targets were selected according to the following criteria: (1) they must have been clearly identified as members of the cluster (Binggeli, Sandage, & Tammann 1985; Binggeli & Cameron 1993; Binggeli, Popescu, & Tammann 1993) ; (2) they had to contain suitably bright H II regions, as shown by published Hα images (Gallagher & Hunter 1989; Almoznino & Brosch 1998; Heller, Almoznino, & Brosch 1999) ; (3) they were located in the central and outer regions of the cluster to sample highdensity and low-density conditions, respectively; (4) they lay within a narrow luminosity range (−15 M B −17), so that even a small offset from the metallicity-luminosity relation for field dwarfs could be flagged statistically; and (5) there was a range of over ∼ 100 in H I mass at a given luminosity. Figure 1 shows where each dI in the Virgo sample is located in the cluster. Basic properties for the galaxies are listed in Table 1 . All distances are on a scale where the distance modulus for the Large Magellanic Cloud (LMC) is 18.58 (Panagia 1999) . The adopted value for the distance modulus to the Virgo Cluster is 31.12 mag, which is +0.08 mag higher than the Ferrarese et al. (1996) value to account for the updated distance modulus to the LMC.
observations and reductions

Observations
Optical spectra of H II regions in a sample of 11 dIs were obtained at the Kitt Peak National Observatory (KPNO) and the Canada-France-Hawaii Telescope (CFHT). The characteristics of the instrumentation employed at each telescope are listed in Table 2 . A log of the observations is given in Table 3 .
Three nights (1997 March 1-3 UT) were awarded at KPNO. The first night was completely unusable due to inclement weather. Data were successfully obtained on the subsequent two nights and spectra were obtained for seven dIs. Moderate-resolution optical spectroscopy was obtained using the Ritchey-Chrétien Spectrograph on the 4.0-meter telescope in the f/7.8 configuration. The spectrograph was used in long-slit mode for two-dimensional spectroscopy to cover the maximum possible number of H II regions. The extreme ends of the CCD could not be used due to vignetting and defocusing effects. Figures 2 to 5 show the placement of the long slit over each dI observed at KPNO. Individual exposures were 30 minutes and total exposure times ranged between one and two hours.
A single 1800-second "dark" frame was obtained to evaluate the contribution from the dark current. An inspection of the dark frame showed that the total counts registered were negligible compared to the counts from the sky background in an image of comparable exposure time. Thus, no corrections for dark current were applied.
To correct for variations in the pixel-to-pixel sensitivity of the CCD, flat-field exposures of a quartz lamp within the spectrograph were taken at the beginning and end of each night. Twilight flats were acquired at dusk each night to correct for variations over larger spatial scales. To correct for the "slit function" in the spatial direction, the variation of illumination along the slit was taken into account using internal and twilight flats.
Two exposures of a helium-neon-argon (He-Ne-Ar) arc lamp were acquired on each night for wavelength calibration. Flux calibration was achieved by observing the standard stars G191B2B and Feige 67 (see Oke 1990) interspersed among observations of dIs. For all standard star exposures, the position of the star was set near the center of the slit.
Three nights (1999 April 9-11 UT) were awarded at CFHT. Spectra for two dIs were obtained on the first night until thick clouds prevented further observing. The dome was not opened on the second night due to fog, snow, and ice. Spectra for another three galaxies were obtained on the final night until about local midnight, when fog and high humidity ended the observing run.
Optical spectroscopy was obtained using the MultiObject Spectrograph (MOS) in the f/8 configuration. The MOS spectrograph uses focal-plane masks created from previously obtained images (Le Févre et al. 1994) . For each galaxy, five-minute Hα exposures were obtained in imaging mode to locate possible H II regions. Figures 6 to 7 inclusive show raw five-minute images in Hα of four galaxies for which spectra were successfully obtained. An Hα exposure for VCC 1448 did not reveal any compact H II regions at the position of the galaxy, confirming the observations of Gallagher & Hunter (1989) .
For each Hα image, every potential H II region was marked and the coordinates were recorded into a text file. Slit masks were subsequently constructed on-line using a YAG laser. Slits for each H II region were constructed to be approximately 2 ′′ wide and 10 ′′ long. Sky slits of the same size were placed near target slits. For pointing, holes with diameters 3 ′′ and 5 ′′ were created in the mask to transmit faint and bright stars, respectively, in the field of view.
Spectra of a neon-argon-mercury (Ne-Ar-Hg) arclamp and the standard star Feige 67 were acquired to wavelength-and flux-calibrate, respectively, the galaxy spectra.
Illuminated dome flat-field exposures were obtained to remove pixel-to-pixel sensitivity variations. From the dome flats, a two per cent variation in raw counts was found from the edge to the center of the slit. Since five slit masks (one for each galaxy) were inserted into the mask slide on a given night, there was insufficient time to acquire twilight flats for all masks.
Spectra at the center of the field of view were aligned perpendicular to the slit. Spectra of H II regions farther away from the center exhibited pin-cushion distortion. The spectral coverage varied for each slit placement, depending on its location within the field of view. For the most part, the spectral coverage was between 3600Å and 7200Å. For VCC 1249 (UGC 7636), the position of the H II region, LR1 (see Lee, Richer, & McCall 2000) , was near the top of the field (Figure 7) . Because of the noncentral position of the slit used for LR1, the spectral range was cut off redwards of 6700Å.
Reductions
Long-slit spectra were reduced in the standard manner using IRAF 7 routines. Twilight flats and internal quartz lamp exposures were used to remove the large-scale and the pixel-to-pixel variations in response, respectively. Cosmic rays were identified and deleted manually. Final onedimensional flux-calibrated spectra for each H II region were obtained via unweighted summed extractions.
Although reductions of the multi-slit data proceeded similarly as those for the long-slit data, there were key differences. Because of the small slit sizes with MOS, the slit function or illumination across each slit was assumed to be constant over the entire slit. Corrections for geometric distortions were not required for target spectra at the center of the frame. A different task (e.g., apflatten) was used to remove large-scale response variations. For a given galaxy, subsections of dome flat exposures corresponding to the positions of H II regions were extracted. For a given night, the sensitivity function was assumed to be constant from one slit to the next slit. An average response curve was obtained and used to flux-calibrate the resulting H II region spectra. Apertures corresponding to H II regions were carefully defined to optimize signal quality. Good background subtraction was difficult to achieve, because the slit size was small and the background signal was dominated by the galaxy. Data were extracted for each aperture and averaged to yield one-dimensional spectra; sky subtraction was performed during extraction. These spectra were subsequently corrected onto a linear wavelength scale, and flux-calibrated using the standard star spectra.
Spectra observed for each Virgo dI are illustrated. The [O III]λ4363 line was detected in H II regions VCC 0848-1 and VCC 1554-1. These two spectra are shown in their entirety in Figure 8 . For the remaining dIs where [O III]λ4363 was not detected, the spectra are shown in Figure 9 . The best spectrum for each dI is shown. 
measurements and analysis
Emission-line strengths were measured using locally developed software. Because [O III]λ4363 was detected in only two dIs, an upper limit to the flux was estimated for the remaining dwarfs. A two-sigma upper limit to the 7 IRAF is distributed by the National Optical Astronomical Observatories, which is operated by the Associated Universities for Research in Astronomy, Inc., under contract to the National Science Foundation.
[O III]λ4363 flux was computed as the product 2.51Aw, where A is two times the root-mean-square of the underlying counts in the continuum immediately surrounding the [O III]λ4363 line, and w is the full width at half maximum obtained from a fit of the nearest strong line. Because of its proximity, the width of Hγ was adopted for the width of [O III]λ4363.
Underlying Balmer Absorption
McCall, Rybski, & Shields (1985) found that stellar flux contributes most to the continuum in the optical in the spectra of extragalactic H II regions. Underlying Balmer absorption results in smaller Balmer emission line fluxes, underestimates of Balmer emission equivalent widths, and overestimates of the reddening. Because emission lines are referenced to Hβ, fluxes of forbidden lines relative to Hβ are overestimated if the underlying Balmer absorption is not taken into account. Most workers have reported in the literature a correction of 2Å for the underlying Balmer absorption (e.g., McCall, Rybski, & Shields 1985) .
With sufficient spectral resolution and strong continua, a few of the spectra exhibited obvious underlying Balmer absorption, especially at Hβ. It was possible to fit simultaneously at Hβ the emission line and the full absorption line. Fits of emission and absorption profiles at Hβ allowed for a direct determination of the equivalent width of the underlying Balmer absorption. A measurement of the Hβ equivalent width is applicable to any Balmer line, owing to the flatness of the Balmer decrement in absorption.
"Emission-only" and "emission-plus-absorption" profiles were fitted separately at Hβ. First, a fit was constructed by assuming that the line consists only of emission. Second, an emission line profile and an absorption line profile were simultaneously constructed. All profiles were assumed to be integrated Gaussians The effective equivalent width of the underlying absorption at Hβ is obtained by taking the difference of the emission equivalent width of the "emission-only" line fit and the emission equivalent width determined from the "emission plus absorption" fit. The resulting effective equivalent widths for underlying Balmer absorption at Hβ are given in Table 4 . From the values listed in column (5), the average equivalent width for underlying absorption at Hβ is W abs (Hβ) = 1.59 ± 0.56Å.
The error listed is the standard deviation. This result is consistent with those obtained by McCall, Rybski, & Shields (1985) , Díaz (1988) , and González-Delgado, Leitherer, & Heckman (1999) . For spectra without a measurement of the underlying Balmer absorption, Equation (1) was used to correct for the underlying Balmer absorption. Subsequent reanalyses by setting the equivalent width of underlying Balmer absorption to 2Å did not significantly change the results. Column (4) in 
Correcting Line Ratios
After correcting for underlying Balmer absorption, observed line ratios were corrected for reddening. The method by which reddening corrections are applied is described in Lee et al. (2003a) . Observed flux and corrected intensity ratios are listed in Tables 5 to 8 inclusive. Where appropriate, two-sigma upper limits to [O III]λ4363 are given. In a number of cases, the adopted reddening was zero. Uncertainties for the observed flux ratios account for the uncertainties in the fits to the line profiles, their surrounding continua, and the relative uncertainty in the sensitivity function listed in Table 3 . Uncertainties for the observed ratios do not include the uncertainty in the flux for the Hβ reference line. Uncertainties in the corrected intensity ratios account for uncertainties in the flux at the specified wavelength λ, and at the Hβ reference line; flux uncertainties are conservative maximum and minimum values based upon approximate 2σ uncertainties in fits to emission lines. However, uncertainties in the adopted reddening values are not included.
nebular abundances
Oxygen Abundances
Direct ([O III]λ4363) Method
The direct (or standard) method of obtaining oxygen abundances from emission lines is applicable to any galaxy where [O III]λ4363 is detectable and for which the doubly ionized O +2 ion is the dominant form of oxygen (Osterbrock 1989) . The method by which oxygen abundances are derived with the direct method is also described in Lee et al. (2003a) (Stasińska 1990 ). The implied contribution by neutral oxygen to the total oxygen abundance is about 0.02 dex. The contribution from neutral oxygen was not included in the reported values of the oxygen abundance for VCC 0848-1 and VCC 1554-1.
The Bright-Line Method
In the absence of [O III]λ4363, the empirical or "brightline" method was used to compute oxygen abundances. Pagel et al. (1979) suggested that the index
could be used as an abundance indicator. McCall, Rybski, & Shields (1985) verified that this index was the best choice for evaluating oxygen abundances empirically. For the dwarf galaxies in the present work, the McGaugh (1991) calibration was used to derive oxygen abundances. McGaugh (1991 McGaugh ( , 1994 produced a set of photoionization models using R 23 and
to estimate the oxygen abundance. However, R 23 is not a monotonic function of the oxygen abundance. At a given value of R 23 , there are two possible choices of the oxygen abundance as shown in the left panel of Figure 
respectively, where the argument of the trigonometric function is in radians (McGaugh 1997, his "model" calibration, private communication) . Kobulnicky, Kennicutt, & Pizagno (1999) list a slightly different set of equations from McGaugh (his "semi-empirical" calibration); however, abundances obtained from both sets of equations are similar.
In Figure 12 , oxygen abundances obtained directly from [O III]λ4363 measurements for H II regions in the samples of field and Virgo dIs are plotted against oxygen abundances obtained from the lower-branch as required by [N II]/[O II] using the equations above. The solid line marks where direct abundances are equal to empirical abundances. While the general trend is indeed correct, the scatter of the data points about the line of equality is consistent with the 0.2 dex uncertainty stated by McGaugh in determining oxygen abundances from the brightline method. This is slightly less than the 0.3 dex uncertainty stated by Skillman (1989) have shown that the nebular diagnostics observed in the H II regions of Virgo dIs are comparable to those found in the H II regions of dIs in the control sample. A precise absolute calibration is not required for a comparison between Virgo dwarfs and dwarfs in the control sample, because oxygen abundances for both datasets have been computed in a similar manner using the same form of the calibration. The primary goal here has simply been to look for an offset in chemical abundances between Virgo and field dwarfs, which would reflect the effect of differences in evolution.
Abundance of Nitrogen Relative to Oxygen
The nitrogen-to-oxygen ratio, N/O, was estimated from
, if the temperature, T e , were known (e.g., Garnett 1990 ). In the absence of [O III]λ4363, temperatures were derived with the aid of the bright-line calibration. Bright-line oxygen abundances were derived; ionization parameters were also computed with the same calibration (McGaugh 1997, private communication) . An estimate of the temperature was obtained from a plot of temperature versus oxygen abundance for various values of the ionization parameter made by McGaugh (1991, Fig. 7) . With an estimate for the electron temperature, N/O was computed in the following manner: (Pradhan 1976; McLaughlin & Bell 1993; Lennon & Burke 1994; Wiese, Fuhr, & Deters 1996) .
derived properties
Derived properties are presented in Table 9 . The list of derived properties include Hβ intensities corrected for underlying Balmer absorption and reddening, derived and adopted values of the reddening, observed Hβ emission equivalent widths, derived widths of the underlying absorption at Hβ, electron densities and temperatures, oxygen abundances derived from [O III]λ4363 measurements and from the bright-line method, and nitrogen-to-oxygen abundance ratios. Errors in oxygen abundances were computed from the maximum and minimum possible values, given uncertainties in the line intensities; however, errors for both reddening and temperature were not included.
Ratios of α-element (e.g., Ne, Ar, S) abundances to oxygen abundances are constant with oxygen abundance, which is expected from standard stellar nucleosynthesis. Relative α-to-oxygen abundances are derived for the two H II regions with [O III]λ4363 detections, because their spectra have the best quality: VCC 0848-1: log(Ne
.27 ± 0.06. The relative neonand argon-to-oxygen abundances agree with those of lowmetallicity H II regions in other dwarf galaxies compiled by van Zee, Haynes, & Salzer (1997) and Izotov & Thuan (1999) .
7. diagnostics of evolution
Oxygen Abundance versus B Luminosity
For field dIs, metallicity as represented by oxygen abundance is well correlated with luminosity. From Lee et al. (2003a) , the fit to the control sample is expressed by
This fit is shown as a solid line in Figure 13 . Equation (7) is consistent with the relation determined by Richer & McCall (1995) for dwarfs brighter than M B = −15. Equation (7) will be adopted as the metallicity-luminosity relation for all field dIs. Oxygen abundances for the sample of Virgo dIs are consistent with the control sample of dIs at comparable luminosities. In particular, this diagram is unable to distinguish gas-normal dwarf galaxies from gaspoor dwarf galaxies; see § 7.2.
B − V versus B Luminosity
Photometric properties (i.e., luminosity and color) can reveal whether Virgo dIs exhibit significant differences in star formation rates compared to field dIs. Figure 14 shows a plot of B−V color versus absolute magnitude in B for the samples of field and Virgo dIs. In disk-like systems, B − V reddens by approximately +0.25 mag when M B fades by 1 mag (McGaugh & Bothun 1994) . There is no significant color difference between field and Virgo dIs, i.e., there has been no significant fading or brightening of Virgo dwarfs with respect to field dwarfs, in agreement with the results of Gallagher & Hunter (1989) . B − V colors do not vary with luminosity in a systematic way, which suggests that if ages are invariant, a constant percentage of the baryonic mass is involved in star formation. Popescu et al. (2002) recently found evidence from farinfrared observations that late-type dwarf galaxies, in particular BCDs, may contain more (cold) dust by up to an order of magnitude than previously thought. BCDs are found to have the coldest dust temperatures and the highest dust mass surface densities (normalized to the optical area), which suggests that dust might form preferentially within the more luminous starbursts seen in BCDs. This lends further weight to studying dIs which have less extinction. For the field and Virgo samples of dIs in Figure 14 , there is no difference in dust content which is readily discernible. If the dust-to-gas ratios in H II regions of Virgo dIs were different than in field dIs, our computations of oxygen abundances would have to be reconsidered.
Oxygen Abundance versus Gas Fraction
We consider the relative gas content, as the metallicityluminosity relationship does not allow for effects on gas content to be shown. The fraction of baryons in gaseous form is a fundamental parameter, because it determines the metallicity in models of chemical evolution (e.g., Pagel 1997 and references within). The baryonic gas fraction is defined as the ratio of the gas mass to the total baryonic mass in gas and stars; the gas fraction is written as µ = M gas /(M gas + M * ). The method by which stellar mass-to-light ratios, stellar masses, and gas fractions were derived is described in Lee et al. (2003a) . A comparison of our computed stellar mass-to-light ratios for both samples of dIs with recent models for star-forming galaxies is discussed in Appendix A.
A relationship between oxygen abundance and the baryonic gas fraction for the control sample of field dIs was established in Paper I (Lee et al. 2003a) . The fit to the control sample was expressed by 12 + log(O/H) = (8.64 ± 0.40) + (1.01 ± 0.17) log log(1/µ).
(8) Equation (8) is taken as the "best fit" and is shown as a solid line in Figure 15 . A key result from Paper I was that the chemical evolution of dIs in the control sample is consistent with little to no gas flows into or out of the dIs 10 .
Gas Deficiency Index for Dwarf Irregulars
As the cluster environment is expected to be detrimental to the gas content in dwarf galaxies (as seen in the outer regions of spirals in Virgo; e.g., Kenney & Koopmann 1999) , one might anticipate an offset between dIs in the Virgo Cluster sample and dIs in the control sample in a diagnostic which correctly gauges relative gas contents. In Figure 15 , a few Virgo dIs appear in the same locus of the metallicity-gas fraction diagram as field dIs, whereas a number of Virgo dIs have noticeably lower gas fractions compared to field dIs at a given oxygen abundance. In fact, through this diagram, it is now possible to construct an index which quantifies the gas deficiency of a dI in order to compare "gas-deficient" dIs with isolated dIs. Haynes & Giovanelli (1984 , also Giovanelli & Haynes 1985 defined a deficiency parameter, DEF, for disk galaxies, which compares the observed H I mass of a galaxy, M 
Using Equation (9), Hoffman et al. (1987) showed that Virgo dIs within about 5
• of the cluster center were deficient in H I by roughly a factor of two compared to dIs outside this circle, although the degree to which dIs were gas deficient was not more severe than for spirals (Hoffman, Helou, & Salpeter 1988) . Also, a number of workers have computed DEF for very late-type spirals and irregulars using the relationship inferred from Sc spirals, even though "normal" H I content is well-defined only for spirals of type Sa to Sc (see, e.g., Solanes et al. 2001) . The global oxygen deficiency parameter discussed by Pilyugin & Ferrini (1998) applies to spiral galaxies and includes a dependency of their prescribed gas fraction with galactocentric radius. However, to determine and quantify evolutionary effects within dIs, gas-poor dwarfs should be compared with gas-normal dwarfs.
Here, a gas-deficiency index (GDI) for dwarf irregulars is defined by
where the subscript "p" refers to the prediction for an isolated dwarf. In terms of the gas fraction, GDI can be expressed as
where µ is the observed gas fraction, and µ p is the gas fraction predicted from the measured oxygen abundance using the fit expressed by Equation (8). Deficiency increases with increasingly positive GDI. The present form of the GDI has the following advantages: (1) it is founded exclusively upon the properties of gas-rich dwarf galaxies and there is no mixing of morphological types, e.g., Sc's with Sd's or with dI's; (2) the index is independent of absolutes, such as size; and (3) the index is distance-independent. Table 10 lists stellar masses, gas masses, and GDIs for the samples of field and Virgo dIs. Although no H II region spectrum was measured for VCC 1448, it is included here to increase the number of gas-poor dIs in the sample; the oxygen abundance for VCC 1448 was estimated from the metallicity-luminosity relation (Equation 7). Histograms for the samples of field dIs and Virgo dIs are shown in Figure 16 . As expected, field dIs are mostly clustered around the value GDI ≃ 0. Seven Virgo dIs have GDIs in the range between −0.5 and +0.5, and the other five Virgo dIs have GDI +0.8. A few Virgo dIs are gas-deficient by a factor of about 30 (GDI ≃ +1.5); only three per cent of the expected gas content has remained. A KolmogorovSmirnov test on the two distributions of GDI returned the statistic D = 0.576 with a significance level P = 6.3×10 (N = 22 field dIs; N = 12 Virgo dIs). Thus, the two data sets are significantly different and can not be drawn from the same population. For the present discussion, a "gaspoor Virgo dI" is defined to be one with GDI +0.8.
It is instructive here to compare the present GDI with the previous measure of gas deficiency (DEF; Equation 9). For example, Kenney & Koopmann (2001) computed a DEF = −0.30 for VCC 1554, which is not very different from the present GDI value (−0.38). The scales are consistent, at least for more luminous and massive irregular galaxies.
Nitrogen-to-Oxygen Abundance Ratios
Based upon observations of H II regions in spiral and dwarf galaxies, nitrogen appears to be both a primary and secondary product of nucleosynthesis. It remains uncertain, however, whether nitrogen is produced mostly from short-lived massive stars or from longer-lived intermediatemass stars. The closed-box model (Edmunds & Pagel 1978; Pagel 1997) predicts that the nitrogen-to-oxygen abundance ratio, N/O, is constant with the oxygen abundance if nitrogen is of "primary" origin, and is proportional to the square of the oxygen abundance if nitrogen is of "secondary" origin.
Measurements of the nitrogen-to-oxygen ratio have been used to differentiate between the different origins for nitrogen (see, e.g., Garnett 1990 ). It has been suggested that N/O can be used as a "clock" to measure the time since the last burst of star formation (e.g., Edmunds & Pagel 1978; Garnett 1990; Skillman, Bomans, & Kobulnicky 1997; Henry, Edmunds, & Köppen 2000) . This would work if bursts of star formation were separated by long quiescent periods and if the delivery of nitrogen into the interstellar gas were delayed relative to oxygen.
A plot of log(N/O) versus log(O/H) is shown in Figure 17 for H II regions in the sample of field dIs with published data and and for H II regions in the sample of Virgo dIs. The two sets of galaxies overlap, although some H II regions in Virgo dIs appear to have somewhat elevated values of log(N/O) for their oxygen abundances. A larger set of data for H II regions in a mixture of other dIs and BCDs (Garnett 1990; Kobulnicky & Skillman 1996; van Zee, Haynes, & Salzer 1997; Izotov & Thuan 1999 ) is included. Although the data are rather heterogeneous, they illustrate that the range of log(N/O) values for the Virgo sample is not anomalous compared to the field sample. Figure 17 shows that nitrogen in metal-poor dwarf galaxies is likely of primary origin. The considerable scatter in N/O at a given O/H may be explained by the time delay between the release of oxygen by massive stars and nitrogen by intermediate-mass stars (Garnett 1990; Skillman, Bomans, & Kobulnicky 1997; Henry, Edmunds, & Köppen 2000) . It is not clear that gas flows have a bearing on the scatter (Henry, Edmunds, & Köppen 2000) , because Figure 15 (Equation 8) showed that the chemical evolution of field dIs is consistent with systems with negligible gas flows. For the Virgo sample, there is little difference between H II regions in gas-normal dIs and H II regions in gas-poor dIs.
The two H II regions in Figure 17 with unusually low log(N/O) ( −1.9) are UGC 5764-3 (van Zee, Haynes, & Salzer 1997) and VCC 1249-1 (Lee, Richer, & McCall 2000) . For UGC 5764, van Zee, Haynes, & Salzer (1997) acknowledge that their H II region #3 may be unusual compared to the other two H II regions in the galaxy. Deeper follow-up spectroscopy of VCC 1249-1 would be desirable; see Lee, Richer, & McCall (2000) .
8. discussion
Effects of the Intracluster Medium
As disk galaxies move at high speeds relative to the hot, dense intracluster medium (ICM), ram-pressure stripping occurs when the resulting pressure exceeds the self-gravity of the disk, and removes the interstellar medium from galaxies (Gunn & Gott 1972) . Ram-pressure stripping by the intracluster medium in Virgo was discussed by Lee, Richer, & McCall (2000) to help explain the observations for VCC 1249. With the construction of a gas-deficiency index for dIs and a clear indication that there are both gas-poor and gas-normal dIs in Virgo, one can seek a correlation between the GDI and the density of intracluster gas. Figure 1 showed the locations of the sample of dIs within the Virgo Cluster. The left panel of Figure 18 illustrates the positions of gas-deficient dIs (i.e., dIs with GDI +0.8) with respect to the density of the ICM. Notably, these dIs happen to be found in regions where (1) the distribution of gas in the ICM is higher than average (as seen in X-ray surface brightness), and (2) the number of H I-deficient spiral galaxies in the Virgo Cluster is largest (Solanes et al. 2001) .
To look for a correlation with the ICM density, X-ray surface brightnesses at the positions of Virgo dIs were extracted from a map of the Virgo Cluster kindly provided by Sabine Schindler (2001, private communication; Schindler, Binggeli, & Böhringer 1999) . The right panel of Figure 18 shows a plot of the gas-deficiency index versus the X-ray surface brightness of the ICM. There appears to be a threshold in X-ray surface brightness above which gas-poor dwarfs lie. Thus, the gas deficiency appears to be related to ICM gas density.
A correlation between the GDI and X-ray surface brightness would support the notion that stripping occurred recently. Gallagher & Hunter (1989) claimed that most dIs have never passed through the cluster core, on the basis that a small fraction of present-day dIs currently exhibit any signs of gas loss and that their B − V colors are not significantly redder than those of field dIs, as the latter is confirmed by Figure 14 . If stripping had occurred long ago, one would expect to find faint and red gas-poor dwarfs occupying the upper left portion of Figure 14; i.e., offset with respect to field dIs. Given that B − V should redden by about 0.4 mag in about 1 Gyr (Bothun 1982; McGaugh & Bothun 1994) , the stripping event for the gas-poor dwarfs must have occurred at most 1 Gyr ago. Moreover, gaspoor dIs should have already made a number of passages through the core of the Virgo Cluster. Using the formula in Côté et al. (1997) and the list of Virgo Cluster member galaxies in Binggeli, Popescu, & Tammann (1993) , the time for a typical galaxy to cross the cluster is about 1 Gyr.
Dwarf irregulars may be passing through the dense regions of the ICM on orbits with large radial components (Dressler 1986; Giraud 1986 ), although van der Marel et al. (2000) find that, on average, galaxy orbits within clusters might be isotropic. On the other hand, dIs are unlikely to be in circular orbits in the cluster for two reasons. First, if their orbital radii were large, they would never encounter the dense ICM gas, and there would be no gas-deficient dIs, which is contrary to the observations. Second, if their orbital radii were small, the dIs would always encounter the dense ICM gas, and they would have been stripped long ago.
The present level of chemical enrichment of gas-poor dIs in Virgo likely was achieved well before the dIs were stripped, as the mass of the underlying population of old stars is considerable. On average, the mass in old stars for a dI from the present samples is approximately 10 9 M ⊙ (see Lee 2001) . Based upon typical star formation rates for gas-rich dIs in Virgo (e.g., Heller, Almoznino, & Brosch 1999) , and assuming that most of the stars formed at a rate which has been constant on average (e.g., van Zee 2001), the time required to form the old population is at least 10 Gyr. Thus, the bulk of the stars within Virgo dIs formed well in the past, when the galaxies were in the outer regions of the cluster. All of this suggests that dIs are falling into the central regions and encountering the dense ICM gas for the first time; see also Conselice, Gallagher, & Wyse (2001) .
Fading of Gas-Poor Dwarf Irregulars
Since gas-poor dIs are recognizable, it is logical to ask what they will become after fading, and whether examples of such galaxies exist in the present-day. In attempting to ascertain what the dIs will become, comparisons are made with other gas-poor dwarf galaxies in the Virgo Cluster, i.e., non-nucleated dwarf ellipticals (dEs), nucleated dwarf ellipticals (dE,Ns), "transition" dwarfs (dI/dE), and dIs with H I fluxes comparable to or smaller than that of VCC 1249 (gas-poor dwarfs; Hoffman et al. 1987; Binggeli & Cameron 1993) .
Fading vectors for gas-poor Virgo dIs are shown in Figure 19 , where the exponential scale length and effective surface brightness are both plotted against M B . In Figure 19a , the scale lengths for gas-poor Virgo dIs appear generally similar to other dIs discussed by Patterson & Thuan (1996) . They are indistinguishable from those of dEs, dE,Ns, "transition" dwarfs, and other gas-poor dwarfs at comparable luminosities. The scale lengths for VCC 1249 and VCC 1448 are about a factor of two larger than for the other gas-poor dIs. Indeed, VCC 1249 and VCC 1448 are situated very close in projection to the supergiant elliptical galaxies M 49 and M 87, respectively. Tidal effects from the neighbouring ellipticals have likely caused the stellar components of VCC 1249 and VCC 1448 to expand. In Figure 19b , five dIs with GDI +0.8 lie on the upper envelope of the locus defined by dEs/dSphs and other gas-poor dwarfs identified solely by their low H I content (Hoffman et al. 1987 ). These five gas-poor dIs appear to be structurally similar to dEs and dE,Ns. However, dIs do not have prominent nuclei; it is not clear how non-nucleated dIs can form compact nuclei. The progenitors of nucleated Virgo dEs were not likely to have been dIs.
A typical gas-poor dI in Virgo could fade by about 0.6 to 0.7 mag, which would be expected to occur in about 1 Gyr (Bothun 1982) . The lowest luminosity dEs (M B ≈ −12, µ B ≈ 26) are about 3 to 4 mag fainter than the gas-poor dIs with GDI +0.8. Assuming that the fading rate is constant and that the progenitors of present-day dEs were similar to the gas-poor dIs seen today, the gas-removal event for present-day dEs would have occurred ≈ 5-6 Gyr ago.
Gas-poor Virgo dIs will evolve to become galaxies resembling dEs/dSphs with scale lengths comparable to presentday dEs/dSphs, assuming dwarfs are dark-matter dominated. In all likelihood, there should be successors to stripped dIs in the cluster, and/or present-day progenitors to cluster dEs. However, using spatial and velocity distributions of Virgo dwarf galaxies, Conselice, Gallagher, & Wyse (2001) argue that dEs presently seen in the core cannot originate from accreted dwarf galaxies from the field, but instead, evolved from some precursor population of galaxies with different morphology which fell into the cluster some time in the past. If this were strictly true, there would be very few post-stripped dIs seen in the cluster; otherwise, the alternative for which some evidence has been presented above is that some of the dEs in Virgo must be stripped dIs that have subsequently faded. Additional information about stellar populations of other cluster dEs (e.g., Conselice, Gallagher, & Wyse 2003) shows that the stripping of dIs remains very much a viable option, and will help to constrain better the processes responsible for the production of cluster dEs.
conclusions
A sample of dIs in the Virgo Cluster was constructed to examine the impact of the cluster environment on galaxy evolution. Optical spectroscopic data were obtained for eleven Virgo dIs at KPNO and CFHT. [O III]λ4363 was detected in VCC 0848 and VCC 1554 for which oxygen abundances could be directly determined. Oxygen abundances for the remaining dIs were derived using the brightline method. The line ratio I([N II]λ6583)/I([O II]λ3727) was used as a discriminant to break the degeneracy intrinsic to the method. Comparing with direct determinations in a sample of dIs in the field, oxygen abundances obtained from the bright-line method were found to be accurate to within ≈ 0.2 dex, with no obvious systematic differences.
Oxygen abundances for the sample of Virgo dIs were comparable to those for field dIs at similar luminosities. In the metallicity-gas fraction diagram, gas fractions for a number of Virgo dIs were comparable to those for field dIs at similar oxygen abundances, while a few Virgo dIs were noticeably gas-poor. A new gas-deficiency index (GDI) for dwarfs was defined using the observed relation between oxygen abundance and gas fraction for field dIs. A comparison of indices for field and Virgo dwarfs directly led to the quantitative identification of five gas-poor Virgo dIs with GDI +0.8; a few of the latter are gas deficient by a factor of 30. A Kolmogorov-Smirnov test showed that the field and Virgo samples could not have been drawn from the same distribution. The gas deficiency was found to be correlated with X-ray surface brightness, which suggests ram-pressure stripping as the most likely cause for gas removal. Together with the observed colors and the lack of significant fading, the results suggest that dIs are traversing the dense regions of the cluster for the first time and are being stripped of their gaseous content without significant effect on their luminosities and metallicities. Subsequent gas-poor dIs will likely fade into systems resembling present-day dwarf ellipticals in the cluster core. For models of star-forming disk galaxies with reasonable metallicities and star formation histories, Bell & de Jong (2001) showed that the stellar mass-to-light ratio correlated strongly with the optical colors of the integrated stellar populations. In Paper I (Lee et al. 2003a ), a plot of the stellar mass-to-light ratio in B versus the absolute magnitude in B for the sample of field dIs showed that our two-component method of computing stellar masses gave results in agreement with Bruzual & Charlot population syntheses for model galaxies with a constant rate of star formation and ages between 10 and 20 Gyr old. For completeness, Figure 20 shows a plot of the stellar mass-to-light ratio in B against B − V for both field and Virgo samples of dIs. The reddest galaxy in the top-right corner is the Virgo gas-poor dI VCC 1448. For the range in color, there is little difference between the two samples. With additional models shown to facilitate further comparisons. our two-component method gives roughly similar stellar mass-to-light ratios in B as those obtained from population synthesis models to within about 10%.
B. latest measurements
With their [O III]λ4363 measurement, Zasov et al. (2000) derived for VCC 241 (classified dI or Sd) an oxygen abundance of 12 + log (O/H) = 7.58. This is at present the most metal-poor dwarf galaxy known in the Virgo Cluster. Vílchez & Iglesias-Páramo (2003) have recently obtained measurements of 22 star-forming dwarf galaxies in Virgo. Their sample consists of a mixture of blue compact dwarf galaxies, Magellanic spirals, amorphous dwarfs, and dwarf irregulars. Their oxygen abundances for VCC 0848, VCC 1179, and VCC 2037 agree with the abundances presented here. North is at the top and East is to the left. The 5. ′ 1 by 5. ′ 7 frame is displayed as a "negative" so black objects on the image indicate bright sources. The white vertical stripe is due to a set of bad columns on the CCD. Left panel: Two H II regions (labelled 3 and 4) in VCC 0512 (12 • 25) are identified, over which small east-west slits were placed for spectrophotometry. This image may be compared with R-band and continuum-subtracted Hα images for 12 • 25 obtained by Gallagher & Hunter (1989, Fig. 1, Plate 26 ). Right panel: Two H II regions (labelled 1 and 2) in VCC 1114 (8 • 30) are identified, over which small east-west slits were placed for spectrophotometry. The white vertical stripe is due to a set of bad columns on the CCD. This image may be compared with R-band and continuum-subtracted Hα images for 8 • 30 obtained by Gallagher & Hunter (1989, Fig. 1, Plate 21) . Lee, Richer, & McCall 2000) was identified, over which a small slit with east-west alignment was placed for spectrophotometry. Right panel: In VCC 1554, five large H II regions (labelled 1 to 5) and two additional emissionline objects (labelled 6 and 7) are identified, over which small slits with east-west alignment were placed for spectrophotometry. Slits for H II regions 1-5 are drawn here for visibility. .25 ± 0.48Å, respectively. Thus, the effective equivalent width of the underlying absorption at Hβ is 1.95 ± 0.34Å, which is the difference between the emission equivalent width derived from the "emission-only" fit and the emission equivalent width from the "emission-plus-absorption" fit. -Oxygen abundance versus absolute magnitude in B for field and Virgo dIs. Galaxy luminosity increases to the right. The solid dots mark the field dIs. The arrow indicates a lower limit to the oxygen abundance for NGC 1560. The solid line is a fit to the field dIs given by Equation (7). Crosses indicate Virgo dIs; gas-poor Virgo dIs are marked as crosses enclosed by open circles (see § 7.2). The error bars indicate typical uncertainties in the oxygen abundance and absolute magnitude. The uncertainty is at most 0.1 dex for oxygen abundances which were determined directly from [O III]λ4363 measurements. A typical uncertainty of 0.2 mag in absolute magnitude accounts for the various methods used to determine distances to field dIs and for possible uncertainties in the distances to Virgo dIs arising from the "depth" of the Virgo Cluster. Fig. 14. -B − V color versus absolute magnitude in B for field and Virgo dIs. Filled circles mark field dIs. Gas-normal and gas-poor Virgo dIs (see § 7.2) are marked by crosses and crosses enclosed by large open circles, respectively. A fading vector is indicated by a solid arrow to show that B − V reddens by about +0.25 mag for each magnitude of fading (McGaugh & Bothun 1994) . Fig. 15 .-Oxygen abundance versus gas fraction for field and Virgo dIs. The abundance increases upwards and gas fraction decreases to the right. The filled circles indicate dIs in the field. The upward arrow indicates a lower limit to the oxygen abundance for NGC 1560. The solid line is a fit to the field dIs given by Equation (8). Crosses mark Virgo dIs; gas-poor dIs are also marked with as crosses enclosed by open circles. The error bar at the upper left indicates typical uncertainties of 0.1 dex in [O III]λ4363 oxygen abundances and 0.1 dex in log log (1/µ). The latter uncertainty is derived from an estimated 0.05 mag uncertainty in B − V , which affects the derivation of M * , and an estimated 20% uncertainty in H I gas mass (i.e., Huchtmeier & Richter 1986 , Hoffman et al. 1987 for field and Virgo dIs, respectively). Fig. 16. -Histograms of the gas-deficiency index (GDI) for field and Virgo dIs. Bins are 0.2 dex wide. Gas deficiency increases to the right. The histogram for the 22 dIs in the field sample is indicated with a dashed line. The histogram for the 12 dIs in the Virgo Cluster sample is indicated with a solid line. Most of the field dIs are clustered around GDI ≈ 0; seven Virgo dIs have similar GDIs to the field dwarfs, whereas five have GDI +0.8. Fig. 17 .-Nitrogen-to-oxygen ratio versus oxygen abundance for star-forming dwarf galaxies. Filled circles indicate H II regions in the sample of field dIs. An upper limit to log(N/O) is shown for IC 1613 from Talent (1980) , but see also Lee et al. (2003b) for an update. For the Virgo sample, crosses indicate H II regions from gas-normal dIs, and crosses enclosed by open circles indicate H II regions from gas-poor dIs. Stars mark H II regions in a variety of other dwarf galaxies, including BCDs (Garnett 1990; Kobulnicky & Skillman 1996; van Zee, Haynes, & Salzer 1997; Izotov & Thuan 1999) . Two models for the production of nitrogen are shown (Vila-Costas & Edmunds 1993): primary plus secondary production of nitrogen is indicated with a solid line, whereas a purely secondary origin for nitrogen is indicated with a dashed line. The solar value (Grevesse, Noels, & Sauval 1996) is indicated with the "⊙" symbol. Typical errors in log(O/H) and log(N/O) are shown, assuming [O III]λ4363 temperatures are known. Fig. 18 .-Gas-normal and gas-poor dIs in the Virgo Cluster. Left panel: Locations of dIs in the Virgo Cluster sample. The positions of gas-normal (filled squares; GDI +0.8) and gas-poor dIs (open squares; GDI +0.8) from the present sample are superposed on a greyscale X-ray map of the Virgo Cluster from the ROSAT All-Sky-Survey. North is at the top and East is to the left. The extended X-ray emission comes from the hot intracluster gas distributed throughout the cluster (Böhringer et al. 1994) . The large, dark spot is centred near the position of the giant elliptical M 87. A bright X-ray halo also surrounds M 86 to the west; halos of lesser degree surround M 60 to the east and M 49 to the south. Also indicated are foreground stars, Abell clusters (A1541, A1553) and quasars ("QSO") in the background, and Virgo Cluster member galaxies with NGC and Messier catalog designations. Right panel (PostScript file): Gas-deficiency index (GDI) of dIs versus X-ray surface brightness within the Virgo Cluster. Symbols are the same as those in the left panel. The surface brightness for VCC 1585 may be contaminated by the background cluster Abell 1560 at z = 0.244 (Bothun, Eriksen, & Schmobert 1994) . Upper limits to the H I mass for VCC 1200 and VCC 1448 correspond to lower limits to their respective GDI values. Fig. 19 .-Fading diagrams for gas-poor Virgo dwarfs. Open squares indicate gas-poor Virgo dIs with GDI +0.8. Open circles and filled circles indicate non-nucleated dwarf ellipticals (dEs) and nucleated dwarf ellipticals (dE,Ns), respectively. "Transition" dwarfs (dI/dE) and dIs with very low H I content (Hoffman et al. 1987 ) are indicated as inverted-Ys. With a fading model which assumes constant scale length, fading vectors are shown as solid arrows. (a) Exponential scale length, r 0 , versus absolute magnitude in B. The dotted lines bracket approximately the phase space occupied by dIs and dEs/dSphs discussed by Patterson & Thuan (1996, PT96) . Values of the exponential scale length are taken from Binggeli & Cameron (1993) , except for VCC 1249 (Patterson & Thuan 1996) . (b) Effective surface brightness, µ eff ,B , versus absolute magnitude in B for gas-poor Virgo dwarfs. The symbols are the same as in the top panel. Effective surface brightness values are obtained from Binggeli & Cameron (1993) . Bell & de Jong (2001) , the upper and lower solid curves represent "0.7 times Salpeter" and "Salpeter" models, respectively. The remaining three models are Bruzual & Charlot (BC) synthesis models (at 40% of solar metallicity) for a Salpeter IMF (short-dash line), a scaled Salpeter IMF (long-dash line), and a modified Salpeter IMF (dot-dash line); see Bell & de Jong (2001) for details. Note. -Column (1): Galaxy number from Virgo Cluster Catalog (Binggeli, Sandage, & Tammann 1985) . Column (2): Alternate name to the galaxy. Column (3): Morphological type. Column (4): Total apparent B magnitude. Columns (5) and (6): Central surface brightness in B and exponential scale length in B (Binggeli & Cameron 1993; Hoffman et al. 1999; Patterson & Thuan 1996) . Column (7): B −V color (Bothun et al. 1986; Gallagher & Hunter 1986) . Column (8): Heliocentric velocity (Binggeli, Sandage, & Tammann 1985; Binggeli, Popescu, & Tammann 1993) . Column (9): 21-cm H I flux integral (Hoffman et al. 1987 (Hoffman et al. , 1996 . Column (10): H I profile width at half-maximum (Hoffman et al. 1987) , except VCC 1249 (Patterson & Thuan 1992) and VCC 1554 (Hoffman et al. 1999) . Column (11): H I maximum rotational velocity: VCC 0848 (Hoffman et al. 1996) , VCC 1554 (Hoffman et al. 1999) , VCC 1585 (Skillman et al. 1987) . a Wavelength coverage (1500 pix), spatial coverage (471 pix).
b Based on 2.5 pixels FWHM corresponding to a slit width of 2 arcsec.
c For slits placed at the centre of the field. b Hγ was not detected in the spectrum.
Note. -Observations obtained at KPNO and CFHT. Column (1): Galaxy number from Virgo Cluster Catalog (Binggeli, Sandage, & Tammann 1985) . Column (2) Table 4 Measured equivalent widths (EWs) at Hβ for H II regions in Virgo dwarfs. b No H II region spectrum was detected. An estimate of the oxygen abundance was obtained from the metallicity-luminosity relation (Equation 7).
Note. -Column (1): Name of the dI. Column (2): Absolute magnitude in B. Column (3): Logarithm of the H I gas mass. Column (4): Logarithm of the total gas mass. Column (5): Logarithm of the H I gas-to-blue-light ratio. Column (6): Logarithm of the stellar mass. Column
